How species respond to changes caused by habitat loss and fragmentation depends on the habits and habitat selection of individuals, but most studies focus on community-or population-level consequences. One reason could be the difficulty in determining what individuals of a species perceive as habitat. Herein, we determine how habitat fragmentation changes fine-scale habitat use of the marsupial Philander frenatus. We compared daily home range (DHR), path tortuosity (D), and aboveground use of the forest (AG) between 2 fragments and a continuous area of Atlantic Forest in Brazil. Adult opossums were tracked with a spool-and-line device, allowing a detailed mapping of the animals' paths. In fragments, individuals covered a smaller area in 1 night of activity with a less tortuous path but used the vertical strata of the forest more often. DHR was larger in the dry season, when resources are less abundant, and for larger individuals, as expected. Despite being able to move between fragments, most parts of individual paths in fragments were concentrated in the edge, which also acted as a physical limit to the daily activities of opossums. The ability of P. frenatus to persist in fragmented landscapes is evident but depends on the ability to move between fragments, frequent use of the edge, and use of the forest upper strata. Future studies could evaluate if other species of marsupials and small mammals may persist in fragmented landscapes through similar mechanisms.
Habitat loss and fragmentation are common processes affecting species across organizational levels and spatial scales. These processes can alter body condition (Deikumah et al. 2015) , patterns of activity and use of space (Bentley 2008; Haapakoski et al. 2015) , and behavior of individuals (Sutherland 1998) . Among the main causes of these effects are changes in habitat or vegetation structure (Fischer and Lindenmayer 2007) , distribution and availability of food resources in the habitat (Cristóbal-Azkarate and Arroyo-Rodríguez 2007), and differences in habitat quality (Fahrig 2007) . How individual organisms respond to these changes depends on their habits and habitat selection, but most studies on the effects of habitat fragmentation focus on community-or population-level consequences (Ewers and Didham 2006) . Indeed, the claim made by Sutherland (1998) still applies: the study of animal behavior can provide significant contributions to conservation, particularly studies predicting the consequences of environmental change on habitat requirements.
Of particular interest in this regard are the behavioral changes allowing species that evolved in continuous habitats to persist in fragmented landscapes. This understanding is fundamental not only to guarantee its persistence in the future, but also to manage the landscape to increase persistence of other species in the remaining habitat patches. Comparison of detailed movement patterns and space use by individuals in fragmented versus continuous areas could be used to understand individual behavioral changes that allowed populations to persist in habitat remnants. Such a field experiment is an efficient test of habitat fragmentation effects particularly if continuous and fragmented areas are close by each other, in the same watershed, and subject to similar environmental and historical conditions (McGarigal and Cushman 2002) . However, previous studies on space use by mammals in fragmented landscapes mainly compared fragments of different sizes, such as studies of nonvolant small mammals in the Brazilian Atlantic Forest (Püttker et al. 2006) , of the marsupial Antechinus flavipes in Australia (Marchesan and Carthew 2008) , of the primate Alouatta palliata in México (Cristóbal-Azkarate and Arroyo-Rodríguez 2007) , and of the rodent Sciurus vulgaris in Belgium (Verbeylen et al. 2009 ).
In the highly fragmented Atlantic Forest, detailed habitat selection was studied for 3 species of marsupials within a large continuous remnant area, the Serra dos Órgãos National Park in Rio de Janeiro state, southeast Brazil (Moura et al. 2005) . The gray four-eyed opossum (Philander frenatus) had the most specialized habitat preferences at the mesoscale (the spatial scale of a daily home range [DHR] area): within the continuous forest, all individuals selected places close to running water or dry creeks after release, where rocks were abundant (Moura et al. 2005) . However, within its home range, at the microhabitat scale, individuals of P. frenatus used places without running water (Freitas et al. 1997) . In this area, individuals of this species rarely used the upper strata of the forest, being described as semiterrestrial (Cunha and Vieira 2002) . A puzzling trait, however, is their climbing and locomotory abilities, which are more similar to arboreal marsupials of the same area (Delciellos and Vieira 2006 , 2009a , 2009b Antunes et al. 2016 ). The same species persists in most forest remnants scattered through the watershed, most of them between 10 and 100 ha, being more abundant in fragments with greater overstory and understory vegetation density and more fallen logs Delciellos et al. 2016 ), but their use of space and forest strata in remnants is still unknown. Movements between fragments by individuals of P. frenatus were detected, but their frequency and extent is still uncertain (Pires et al. 2002; Prevedello et al. 2009 ).
Herein, we determined how habitat fragmentation changes fine-scale use of space and forest strata by the marsupial P. frenatus. We compared DHR, path tortuosity, and aboveground use of the forest (AG) between 2 fragments and a continuous area of Atlantic Forest in Brazil. DHR is the average area used in 1 night of activity of the animal (Carbone et al. 2005; Vieira and Cunha 2008) , representing an indirect measure of short-term food resources that an individual requires (Garland 1983; Carbone et al. 2005) . Path tortuosity is a measure of how individuals use the space in activities such as foraging, habitat selection, and orientation (With 1994; Nams and Bourgeois 2004; Nams 2005 . The small size of forest fragments (< 10 ha) and the relatively high abundance of P. frenatus in these fragments impose a limitation of space for the occurrence of large home ranges without great overlaps. Therefore, to compensate for more limited and shared resources in fragments, individuals will either 1) have larger DHR in fragments than in continuous area to obtain additional resources or 2) have smaller DHR in fragments, but more frequent aboveground movements to exploit additional resources. Path tortuosity may increase in fragments under both hypotheses as result of more intensive exploration of DHRs in fragments.
Materials and Methods
Study area.-The study was conducted in 2 forest fragments of Atlantic Forest (A and B) located in Carrazal Farm, in the Macacu River watershed, municipality of Cachoeiras de Macacu, and in 1 continuous forest area within the Serra dos Órgãos National Park, locally known as Garrafão, municipality of Guapimirim, state of Rio de Janeiro, Brazil. The climate of both areas, fragments and continuous forest, is mild-humidmesothermic, with a dry season from May to September (Loretto and Vieira 2005) .
Fragment A (22°31′8.1″S, 42°50′3.2″W) has 7.6 ha and is surrounded by pastures and cornfields, 2 dirt roads, and is close to small streams and an artificial lake. It is located 210 m from fragment B, which is the nearest forest fragment. Fragment B (22°31′18.5″S, 42°50′12.1″W) has 8.7 ha and is surrounded by pastures, cornfields, cassava plantations, and a permanently flooded pasture area. It is located ca. 75 m from the nearest forest fragment, on the edge of the Serra dos Órgãos mountain range. Cabral and Fiszon 2004; Freitas et al. 2011) .
The locality of Garrafão (22°28′34″S, 42°59′41″W) is inserted in the Serra dos Órgãos National Park, created in 1939, with an area of approximately 11,000 ha (Rocha 2007 ). This locality has approximately 100 houses sparsely distributed along a dirt road that crosses this stretch of the park (Rocha 2007) . The forest has a small degree of anthropogenic disturbance, mainly related to the existence of trails used by tourists to access rivers and waterfalls, and that caused by domestic dogs and cats that are raised free and hunt in the forest. The vegetation of the continuous area is also ombrophilous dense forest (IBGE 2012) , but the canopy is higher (> 25 m), A. aculeatissimum is less abundant, and lianas, palm trees, epiphytes, ferns, and bromeliads are more frequent than in forest fragments (Vieira and Cunha 2008) .
Sampling of nonvolant small mammals.-In the 2 forest fragments, 13 bimonthly sampling sessions were performed, Live traps were kept open and baited for 5 consecutive nights, checked every day in the morning for the removal of individuals captured and bait replacement. The bait was composed of a mixture of peanut-based butter, banana, oats, and bacon. Animals trapped were identified at the species level, weighed using spring scales (Pesola), sex was determined, and their reproductive condition was verified. Head-body and tail lengths also were recorded, and individuals were marked with 2 ear tags before release (National Band and Tag Co, Newport, Kentucky). Trapping and handling conformed to guidelines sanctioned by the American Society of Mammalogists (Sikes et al. 2016 ). This study was approved by the IBAMA/MMA (Authorization numbers 02001/004671/98-51, 13861-1, 13861-2).
Spool-and-line device.-A particularly appropriate method to obtain movement data on a finer scale for small mammals is the use of spool-and-line devices, allowing detailed mapping of the animal's path (Boonstra and Craine 1986; Cunha and Vieira 2002; Loretto and Vieira 2005, 2008; Mendonça et al. 2010) . In the present study, adult specimens of P. frenatus, apparently healthy, received a spool-and-line device that consisted of bobbinless cocoons of nylon thread wrapped in a polyvinyl chloride film (Boonstra and Craine 1986; Cunha and Vieira 2002; Loretto et al. 2005; Loretto and Vieira 2008) . Each device weighed 4.8 g and included 480 m of thread (Delciellos et al. 2006) . Devices were attached to the fur between the shoulders of each individual by using an ester-cyanoacrylate-based glue (Henkel Loctite Adesivos Ltda., Manaus, Brazil). The thread released by the device allowed mapping the animal's path. The direction of the path was measured by aligning a compass with the direction of the thread to the next point of change of direction greater than 5°, and the linear distance between points was measured with a tape measure.
Compared to other techniques for the study of small mammal movement, spool-and-line devices have the main advantage of allowing detailed mapping of the actual path traveled by the individual rather than an estimate route provided by techniques such as radiotracking. Spool-and-line devices also allow localization of nests and identification of the exact supports or plant species used in the vertical strata of the forest. The lower cost of devices allows larger sample sizes compared to radiotracking when resources are limited. However, the length of thread carried by a cocoon limits the amount of time the animal can be tracked to less than 1 night of activity. Thus, the spool-and-line devices do not allow estimates of actual home range size but permit estimates of DHR sizes (Vieira and Cunha 2008) .
Movement measurements.-Daily home range was the minimum convex polygon (MCP) encompassing all the points along the animal's path in 1 night of tracking. Distances between points of changing direction along the path and azimuth from one point to the next were transformed into Cartesian coordinates (x, y). Then, these coordinates were used to calculate the MCP in ArcView GIS 3.1 software (ESRI 1998), using the extension Animal Movement SA v.2.04 beta. This simple method, MCP, does not require independence between the points and consists of connecting the outermost points of the location of each individual, generating a polygon that has only convex angles (Nilsen et al. 2008) .
Path tortuosity was measured by the fractal dimension (D), ranging from 1 (a straight line) to 2 (a line tortuous enough to completely cover a plane-Nams and Bourgeois 2004), and calculated in 5.18.0 Fractal software (available at http://nsac. ns.ca/envsci/staff/vnams), from the Cartesian coordinates of a mapped path. This software uses the method of divisors for calculation of D, which consists in measuring the total path traveled by the animal with dividers of different predefined sizes, and plotting divider size against total path length as a power function (de Almeida and Vieira 2008) . Tortuosity measures were transformed to log (D-1) prior to analyses to obtain normality (Caldwell and Nams 2006) .
Aboveground use of the forest was the percentage of the total animal path that was traveled aboveground. In forest fragments, the linear distance between points aboveground was measured with a tape measure and divided by the total path length; in continuous forest, the thread released by an individual in aboveground movements was collected and weighed and divided by the weight of the total mapped thread. Both proportions were multiplied by 100 to be expressed as percentages.
Statistical analyses.-First, the most appropriate statistical distribution for the 3 response variables (DHR, D, AG) was determined by plotting kurtosis against the square of skewness (Cullen and Frey 1999) 
results
Fifty individuals of P. frenatus were captured in fragments and 28 in the continuous area and released with the spool-and-line device. In forest fragments, 79 paths were tracked (females: 42 paths from 29 individuals; males: 37 paths from 23 individuals); average path length tracked was 99.24 ± 49.93 m (mean ± SD) for females, and 126.44 ± 62.16 m for males. In the continuous area, 38 paths were tracked (females: 16 paths from 7 individuals; males: 22 paths from 20 individuals); average path length tracked was 108.45 ± 73.48 m for females, and 106.57 ± 80.49 m for males. Average body mass in fragments was 347.1 ± 88.6 g for females and 522.1 ± 194.8 g for males; in the continuous area, it was 303.1 ± 68.7 g for females and 364.0 ± 129.5 g for males.
Average DHR was 536.58 ± 395.41 m 2 for females and 1,247.87 ± 1,528.81 m 2 for males in fragments, and 936.63 ± 1,036.27 m 2 for females and 927.99 ± 1,486.46 m 2 for males in the continuous area. In model selection using mixedeffect models, models with ΔAICc < 3 included amount of mapped thread (∑w i thread = 1.000), body mass (∑w i body = 1.000), climatic season (∑w i season = 0.208), and site (∑w i site = 0.156; Table 1 ). Variance due to individual variation (random factor) was 0.011 (SD = 0.149) and residual variation was 0.132 (SD = 0.423). DHR was larger in the dry season, in continuous area, and for individuals with larger body mass.
Average D was 1.086 ± 0.045 for females and 1.087 ± 0.048 for males in fragments, and 1.113 ± 0.059 for females and 1.143 ± 0.064 for males in continuous area. In model selection using mixed-effect models, the only model with ΔAICc < 3 included site (∑w i site = 0.827; Table 1 ). Variance due to individual variation (random factor) was 0.008 (SD = 0.091) Table 1 .-Performance of the best models predicting variation in the use of space by the marsupial Philander frenatus in 2 fragments and a continuous area of Atlantic Forest, state of Rio de Janeiro, Brazil. In mixed-effect models, fixed effects were site (continuous forest versus forest fragments), sex (males versus females), climatic season (dry versus wet), body mass, and amount of thread tracked for each individual. The random factor was the identification of the individual that performed the movement or use of space in our analyses. See text for values of variance due to individual variation (random factor) and residual variation. A null model was also included for comparison in each model selection. K = number of parameters of the model; AICc = Akaike Information Criterion corrected for small ratio of sample size/number of parameters; ΔAICc = AICc − minimum AICc; w i = Akaike weight. Only models ordered by ΔAICc < 3 are shown. In model selection using mixed-effect models, models with ΔAICc < 3 included body mass (∑w i body = 0.646), site (∑w i site = 0.455), climatic season (∑w i season = 0.209), sex (∑w i sex = 0.087), and amount of mapped thread (∑w i thread = 0.080; Table 1 ). Variance due to individual variation (random factor) was < 0.001 (SD < 0.001) and residual variation was 1.228 (SD = 1.108). AG was higher in fragments, in the wet season, for females, and for individuals with smaller body mass.
About 30% of tracked individuals in forest fragments used the edge, but not the surrounding matrix. Eight individuals (10%) made part of their movements in the matrix, covering distances ranging from 2 to 53 m on pasture (7 individuals) and 1 individual covered 90 m in a cassava plantation. In the 2 years of the capture-recapture study in fragments A and B, 15 movements between fragments were detected. These movements were performed by 12 out of 182 individuals (total number of individuals captured in the study), 8 males and 4 females. Also, 35 captures (651 total in the study) of 24 individuals took place in the matrix.
discussion
Detailed mapping of movement paths supported our hypothesis 2: individuals of P. frenatus covered a smaller area in 1 night of activity in the fragments compared to the continuous area, using the vertical strata of the forest more frequently. The higher mean body mass in fragments than in the continuous area should favor larger DHRs in the fragments, but the opposite was observed. The smaller DHRs in fragments than in the continuous area may be related to the smaller area of habitat available (fragment size < 10 ha) and high local population density during the study period (Aisengart-Menezes 2010). Probably, smaller DHRs in fragments are a behavioral response to avoid major overlaps between home ranges, mostly by females, considering the polygynous mating system of the species (Fernandes et al. 2010) . A negative correlation between home range size and population density was found for the didelphid Marmosa paraguayana in another fragmented landscape of Atlantic Forest at Poço das Antas Biological Reserve (Pires and Fernandez 1999) and has been observed for a variety of mammalian species (e.g., Cristóbal-Azkarate and ArroyoRodríguez 2007).
Smaller DHRs in fragments may be offset by greater AG in fragments. This increased use of vertical strata by P. frenatus in fragments may be favored by 1) a greater supply of vines and lianas (Laurance et al. 2001) , which facilitate access to the canopy, 2) the fact that the canopy is relatively lower in fragments than in the continuous area, and 3) the frequent use of palm trees, abundant in fragments, as shelter (Moraes Junior and Chiarello 2005). Also, most of the aboveground use occurred in the structurally complex vegetation of the edge, which is frequently considered a place rich in food resources (Ewers and Didham 2006; Lambert et al. 2006; Harper et al. 2008; Šálek et al. 2010) .
Daily home range size and tortuosity of the movement path should have an inverse pattern, because the more tortuous the path, the more expensive it is for an animal to cover a unit of area (Vieira and Cunha 2008) . However, path tortuosity was also lower in fragments. Less tortuous paths in fragments can be attributed to their more open understory and canopy. In the studied fragments, there was a high abundance of palm trees, such as Attalea spp. and A. aculeatissimum (Finotti et al. 2012) . Such palm species change the vegetation structure of the forest as they prevent seed germination of other species, creating a more open understory (Aguiar and Tabarelli 2010) . In a habitat with a more open understory, individuals of P. frenatus have few obstacles to their movement, resulting in less tortuous paths.
Less tortuous, more linear paths also suggest that an individual is just crossing an area, whereas more tortuous paths indicate that the individual is using it more intensively, for example, to forage (Nams and Bourgeois 2004) . Within fragments, the distribution of resources may be more heterogeneous, concentrated in spots or on the edge, resulting in less tortuous paths between these areas. The distribution of food resources in the studied fragments was not analyzed, but there are no watercourses inside fragments, and the available water seems to be accumulated in tree hollows. On several occasions, more than one individual was tracked to the same water hole. Another hypothesis is that less tortuous paths are a response to the greater abundance of predators, particularly birds of prey such as the barn owl (Tyto alba), savanna hawk (Heterospizias meridionalis), Harris's hawk (Parabuteo unicinctus), and snakes such as jararaca (Bothrops sp.) and jibóia (Boa constrictor), which are observed frequently inside, on the edge, and in the matrix of fragments. With a less tortuous path, an individual can travel a certain distance in less time, reducing their exposure to predators in more open areas.
Smaller DHRs detected in the wet season are probably related to the greater availability of food resources, such as fruits and insects, during this period (Charles-Dominique 1983; Develey and Peres 2000; Passamani and Ribeiro 2009) . In this season, individuals would be able to obtain the energy necessary covering smaller areas, as detected for the small didelphid Gracilinanus microtarsus (Püttker et al. 2006 ). Loretto and Vieira (2005) found smaller DHR in the wet season only for females of Didelphis aurita, suggesting that in the dry season they would increase their DHR to offset the increase in energy expenditure with lactation.
The relationship between body mass and home range size has been described for a variety of organisms (Swihart et al. 1988; Carbone et al. 2005; Cunha and Vieira 2005; Vieira and Cunha 2008; Tozetti et al. 2009; Fernandes et al. 2010) , though it varies with several factors, such as diet type (Carbone et al. 2005) . Larger organisms have greater energy requirements, and need larger home ranges to supply them (Carbone et al. 2005; Fernandes et al. 2010) . Our results are in accordance with this general theory, with higher DHRs found for individuals of larger body size.
The palm A. aculeatissimum was often used by individuals for their aboveground movements in fragments. Individuals were observed using its leaves as a gateway between different supports of the vertical strata, contributing to the connectivity of the canopy, and using the accumulated leaf litter at the base of the palm leaves for shelter. The use of this palm tree as shelter was previously described for M. paraguayana (Moraes Junior and Chiarello 2005) . Shelters of P. frenatus were also observed in abandoned armadillo burrows and hollow trees. No shelters were observed in fallen logs on the ground, but these were frequently used for passage of individuals and to forage. The use of fallen logs as a source of food resources (Bellows et al. 2001; Bowman et al. 2001; Nams and Bourgeois 2004 ) and as shelter and passage during locomotion (Bellows et al. 2001; Briani et al. 2001; DeWalt et al. 2003) were described in the literature for other species of small mammals. Locomotion on fallen logs provides more rectilinear paths in the forest, facilitating movement between areas and reducing noise during movement, an important factor for most species of carnivorous habits during foraging (Glen and Dickman 2006), such as P. frenatus.
Fragment edges, which were widely used by P. frenatus, are habitats rich in food resources, mainly insects, fruits of pioneer plants, and rodents (Ewers and Didham 2006; Lambert et al. 2006; Harper et al. 2008; Šálek et al. 2010 ). All of these food items are part of the diet of P. frenatus (Macedo et al. 2010 ). However, the edge is also a habitat rich in predators, as is the adjacent matrix (Šálek et al. 2010) , which would make individuals avoid getting exposed in these open areas. Philander frenatus is a species dependent on fragment interior, despite using the matrix occasionally. In the present study, individuals rarely utilized the matrix between fragments. The most frequent behavior was to move along the edge, within a fragment, using a maximum distance of 1 m from the edge when in the matrix. The capture-recapture study developed in these fragments corroborated these results, with only 5.4% of the total captures of P. frenatus in the matrix, and 6.6% of the individuals having moved between fragments (Aisengart-Menezes 2010). A similar result was found for P. frenatus in Poço das Antas Biological Reserve, also in Rio de Janeiro state, where individuals have fragments as primary habitat, but use the matrix occasionally to forage (Lira et al. 2007) , and the frequency of movements between fragments is relatively low (Pires et al. 2002) . However, the dispersal ability of P. frenatus may be larger than previously though as it is capable of crossing distances larger than 1 km between fragments in the matrix (Prevedello et al. 2009) .
A recent meta-analysis by Fontúrbel et al. (2014) found that habitat fragmentation had negative effects on marsupials in general, including didelphids. Indeed, our results indicate that even species considered tolerant to habitat fragmentation, such as P. frenatus (Viveiros de Castro and Fernandez 2004) , are affected. The ability of P. frenatus to persist in fragmented landscapes depends not only on the ability to move between fragments but also frequent use of the edge, and of the forest upper strata. In spite of its semiterrestrial habits in the continuous area, P. frenatus has locomotory abilities similar to more arboreal opossums (Delciellos and Vieira 2006 , 2009a , 2009b Antunes et al. 2016) , which explains why individuals use aboveground movements rather than increasing DHR in forest fragments. Future studies could evaluate if other species of marsupials and small mammals may persist in fragmented landscape through similar mechanisms.
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